A burgeoning literature investigates the extent to which self-reported well-being (or happiness) or satisfaction with income is negatively related to the income of others.
Introduction
There is an extensive literature arguing that subjective well-being is influenced by how well others are doing in an individual's reference group (roughly defined as: others the individual compares herself with). It is generally found that there is a positive relation between own income and subjective well-being, but the effect of reference groups appears considerably harder to pin down. When studying the effect of reference groups, two fundamental issues need to be addressed: (1) what exactly constitutes a person's reference group, and (2) in what way do incomes in the reference group affect individuals' subjective well-being. The latter point includes the issue of how individuals perceive other people's income. 1 Reference groups have traditionally been defined a priori, e.g. by assuming that individuals mainly compare themselves to others in the same geographical area (Blanchflower and Oswald, 2004; Luttmer, 2005; Ferrer-i-Carbonell, 2005; Clark et al. 2008; Barrington-Leigh and Helliwell, 2008) or by using individuals' characteristics to define groups, for instance based on education, gender, or age (McBride, 2001 , Ferrer-iCarbonell, 2005 , Clark and Senik, 2012 . Similarly, coworkers or individuals in the same profession have been used as reference groups to explain the impact of individuals' income rank on job or the amount of pay received (Brown et al., 2008) .
Among the studies using geographic reference groups, Clark et al. (2008) note that two effects can be expected concomitantly from residing in a rich neighborhood: individuals' well-being could be lowered if their income relative to their neighbors' is low 2 , while it could also be increased by living in a nice area, likely to offer better public goods. Based on Danish panel data, they find evidence supporting the latter, with a positive coefficient on neighbors' income. They also find a strong positive effect of individual ranking in a neighborhood on economic satisfaction when keeping neighborhood and individual income constant. Luttmer (2005) finds a negative effect of an increase in neighbor's incomes, where however neighbors are defined liberally, including areas of about 144,000 inhabitants in the United States. Canadian data on urban environments (Barrington-Leigh and Helliwell, 2008) show no evidence of any effect of neighbor's income on one's own income at the municipal level but do find significant negative effects at higher geographical levels. Using the Gallup Healthways Well-being Index survey, Deaton and Stone (2013) also find no evidence to support the theory that the positive effect of one's own income on life evaluation could be offset by the negative effect of average income at the zip code, county, congressional district, metropolitan statistical area, or state level. Kingdon and Knight (2007) as well as Brodeur and Fleche (2013) find a positive effect of neighbors' incomes on own well-being at smaller geographical levels, but find a negative effect at a larger geographic scale using South African and American data respectively. The latter finding would be consistent with the findings of Barrington-Leigh and Helliwell. Clark and Senik (2012) find a positive impact of median village household income when explaining the satisfaction with income in China.
Using reference groups defined by education, age, and living in East or West Germany, Ferrer-i-Carbonell (2005) finds a negative effect of average reference group income on individual subjective well-being. When asking respondents in post-transition countries directly whether they felt they had done better in life than their high school mates or their parents, Senik (2009) finds favorable comparisons to have a positive impact on life satisfaction, with welfare effects of income comparisons larger than that of household expenditure. Finally, Graham and Felton (2006) find average wealth in an individual's city in Latin America to impact negatively on his or her well-being, while relative wealth (the difference between an individual's wealth and average wealth) contributes to life satisfaction for those wealthier than average, and decreases life satisfaction for those below average wealth. Boyce et al (2010) , using data from the British Household Panel Survey, find evidence of asymmetric comparisons such that individuals give more weight to comparisons with others with higher incomes than to those with lower incomes. Their definition of a reference group is either the whole sample, or subgroups based on gender, geography, age, and education. Senik (2004) uses Russian data to build a reference group based on individuals' education, years of experience, region, branch, age, sex and primary occupation code, and finds reference income to have a positive effect on individual life satisfaction.
Studies focusing on the workplace have shown that job satisfaction depends on relative pay comparisons for individuals paid below the median for their unit and occupation, while those earning above the median showed no effect in terms of job satisfaction (Card et al., 2010) . Furthermore, Brown et al. (2008) show not only the importance of relative wage for workers' satisfaction with income -with the average pay in the workplace negatively impacting one's satisfaction with influence, achievement and respect. They also find a strong impact of the rank of one's wage in the pay distribution, leading them to conclude that rank may matter more than the absolute level of pay. Clark and Oswald (1996) build a reference earnings level through a prediction based on a cross-section of employees in the British Household Panel Study and find a negative coefficient for the latter when used as an explanatory variable for satisfaction with pay and overall job satisfaction. Thus, several studies are finding a detrimental effect of being low in the earnings distribution. While this result seems intuitive as a result of envy for status, Hirschman and Rothshild (1973) point at a potentially positive effect of high earnings by others as individuals could define their own future prospects based on others' salariesthe so-called "tunnel effect". A prosperous reference group of workers could signal positive future outcomes for an individual. Data from the Danish sample of the European Community Household Panel provide some evidence for the tunnel effect, with a positive impact of coworkers' wages on individual job satisfaction ).
Few surveys have included a direct assessment by the respondent of his or her personal reference groups (Clark, 2012 , Senik, 2009 , Brown et al., 2008 . Kapteyn, Melenberg, and Alessie (1991) established reference groups by asking individuals about the age class, typical household size, average income, education level, and employment status for most people in their social environment and find a significant impact of reference groups on individuals' self-reported minimum consumption needs. Clark and Senik (2010) and Clark et al. (2013) find that a majority of respondents compare their income with colleagues at work or friends. Goerke and Pannenberg (2013) use pretest modules of the German Socio Economic Panel for the years 2008-2010, which contain questions about the importance of different groups for income comparisons 3 . Their sample is restricted to employed respondents aged 17 to 65. They find that only colleagues at work, other people with the same occupation and friends matter. They also find the intensity with which one compares with others to influence subjective well-being beyond the effect of a reference group's income: the more intensely one compares to others, the lower subjective well-being. Knight et al. (2008) found that about seventy percent of the respondents living in Chinese villages declared to compare themselves mainly to either their neighbors or other people in the village when asked to choose their main comparison group among their neighbors, relatives, people in the village, township, county, city, or all of China. Households that estimated their income to be above average in their village were significantly happier, while evidence of relative deprivation for the poorest households was also found.
Overall, the literature so far has yielded widely diverging outcomes on the effect of reference groups on income satisfaction or happiness. In this paper, we aim to investigate the effect of reference groups, by drawing on individuals' self-described reference group definition. An equally important aspect is to model how reference groups are supposed to influence income satisfaction or happiness. There appear to be four approaches to the modeling of reference group incomes on individual subjective well-being.
The first approach and probably most often adopted assumption is that an individual compares his or her own income or consumption level to some reference income or consumption level. 4 This idea dates back to at least Duesenberry (1949) . Papers by Luttmer (2005) , Barrington-Leigh, Christopher, and Helliwell (2008) , Deaton and Stone (2013) , Card et al. (2010) , Clark and Senik (2010) , Brodeur and Flèche (2013) , among many others, take this approach. The reference income typically is taken to be the mean or median in the reference group.
The second approach revolves around the notion that what really matters is one's rank in the income distribution in the reference group, e.g. Boyce, Brown, and Moore (2010) , 4 Since incomes are generally not observable, while expenditures are (at least partly), it seems plausible that individuals either infer incomes of others from their expenditures, or that utility is based directly on a comparison of own expenditures with expenditures of others. Observationally, the two mechanisms are very similar, as expenditures are constrained by incomes, so that the relation between subjective well-being and income can be seen as reflecting indirect utility. Nevertheless, expenditure patterns in reference groups can mutually influence each other, so that consumption patterns in reference groups reflect an equilibrium where potentially everyone in a reference group influences everybody else. See for instance, Alessie and and Kapteyn et al. (1997) . Clark (2012) , Clark, Frijters, and Shields (2008 ), Van Praag (2011 . This idea can be generalized by also including past income distributions so that it incorporates habit formation (or adaptation). Kapteyn (1977) defines a "perceived income distribution", which is a time weighted convex combination of income distributions one has experienced up to the present. These past income distributions include one's own past incomes so that today's consumption standards are influenced by incomes of others one has experienced both in the past and today, but also by one's own income history. Kapteyn and his co-authors have quantified and tested this theory in a sequence of papers (see, the review by Kapteyn and Wansbeek, 1985) , of which the most complete one is by Van de Stadt, Kapteyn and Van de Geer (1985) . The latter paper finds that about two thirds of one's consumption standard is formed by own past consumption (the habit formation part), while one third is formed by the consumption of others (the reference group part).
The third approach, a generalization of the notion that one's well-being is influenced by one's ranking in a relevant distribution of income or wages, is due to Parducci (1995) and named "Range-Frequency Theory" (RFT). Essentially, income (or some other stimulus) is judged by a convex combination of the rank of the income in a distribution and by where it is within the range of incomes. Brown et al. (2008) conduct a number of clever experiments to test this theory in the context of wage comparisons. It turns out that next to own log-wage, both the rank of one's wage in the wage distribution and where it is in the range of wages are highly significant contributors to one's satisfaction with pay.
Finally, the fourth approach focuses on the fact that even with a given reference group, there may be a distinction between objective characteristics of individuals in a reference group and how these characteristics are perceived. As pointed out by de la Garza et al. (2010) , individuals could suffer disutility from perceived differences in income, even if in reality all wages were equal. Their study, based on a Japanese survey of workers, finds that perceived wages of other workers of the same age with a similar job 5 have a consistent negative effects on subjective well-being, while alternative approaches based on somehow modeling wages in the reference group lead to highly unstable results, with for instance the sign of the coefficient of the reference group wages depending on the particular model specification.
In this paper we address a number of the issues discussed so far. We are able to test the relative income hypothesis in terms of geographic and age-based reference groups. We further ask respondents directly to whom they compare themselves most, while we also ask for their perception of the incomes of others in different reference groups and their perception of their own income in comparison.
The next section describes the data and presents descriptive statistics in the distribution of happiness and satisfaction with various life domains. Section 3 provides information on the reference groups individuals tend to use as comparison groups when evaluating happiness or satisfaction with life domains. In Section 4 we describe how we estimate a household's income rank in a reference group. Section 5 presents evidence on the relative income hypothesis in terms of geographic and age-based reference groups. In Section 6, we further explore patterns of subjective ratings of both own income and income in various potential reference groups, such as people who live on the same street, or in the same town, or people in the same age group. Section 7 studies the effect of these ratings on subjective well-being. Section 8 concludes.
Data and Descriptive Statistics
We conducted a survey of respondents in the RAND American Life Panel (ALP). Respondents in the ALP do not need Internet access to participate, although the majority of the panel members have their own Internet access. The remaining panel members (approximately 10% of the sample) have been provided Internet access by RAND through the provision of a laptop or a Microsoft TV2 and/or an Internet subscription, eliminating the bias found in many Internet surveys that include only computer users (Chang and Krosnick, 2009; Yeager et al., 2011) . The TV2 is an Internet player that allows respondents to open email accounts and browse the Internet. Sampling weights are provided by the ALP to adjust for sample selection. Upon joining the panel, respondents complete an initial survey collecting individual socio-demographic information, work history and household composition information. They are asked to update their background information every quarter. About once or twice a month, respondents receive an email with a request to fill out a questionnaire. Response rates average 70-80%.
The survey on which our analysis is based (to be called the subjective well-being survey, SWB survey) was originally fielded in April 2009. The ALP has grown substantially since 2009. To make panel members familiar with the ALP, the SWB survey is the first one they answer after joining the panel. As a result of this our dataset covers 5,475 respondents who responded to the survey between April 2009 and May 2013. An important advantage of the ALP is that it allows researchers to easily link newly collected data to data from other modules, both past and future, as well as detailed geographic data.
In the SWB survey, the respondent's satisfaction in five domains (household's total income, family life, number of friends, job or other daily activities, and health), as well as his or her general happiness, were asked. This paper will be focusing on the general happiness question and on satisfaction with income.
The innovative aspect of the survey lies in the inclusion of various detailed measures of reference frames used by the respondents in those five domains, such as the intensity levels of comparison for various reference groups, as well as ratings of their own and reference group's position in each of those domains.
Satisfaction and Happiness
The survey included questions related to how happy the respondent felt at the beginning of the survey, thereby avoiding any possible framing bias (Graham, 2009) . The happiness question is worded as "How happy are you?" with a 5-point response scale: "Very Happy", "Happy", "Neither happy nor unhappy", "Unhappy", "Very unhappy". Satisfaction with income is measured by asking "How satisfied are you with the total income of your household?" with a 5-point response scale: "Very satisfied" "Satisfied", "Neither satisfied nor dissatisfied", "Dissatisfied", "Very dissatisfied". Similar satisfaction questions are asked with respect to family life, number of friends, job or other daily activities, and health. Figure 1 shows the distribution of reported levels of happiness and of satisfaction levels for total household income, family life, number of friends, job or daily activities, and health.
The majority of respondents report to be happy, while about 16% report to be neither happy nor unhappy and 22% report to be very happy. Among the different domains, satisfaction with income is lowest. Only 43% are satisfied or very satisfied with their total household income. About three quarters of the respondents report to be satisfied or very satisfied with their family life and number of friends. About 63% are satisfied or very satisfied with job or daily activities and with their health. 
Who Compares to Whom?
The survey contains a number of questions to elicit whom respondents compare themselves with in different domains. For instance, for the income domain respondents are asked "When people evaluate their household income they often compare themselves to others. Typically, how much do you compare yourself to the people below when you evaluate your own household income?" They are then shown a number of categories and for each category they can indicate how much they compare themselves with people in that category (we will call that "comparison intensity"). The screen shots included in the Appendix display the questions for the domain of income. Similar questions are asked for the other domains (family life, number of friends, job or daily activities, health). Figure 2 shows the levels of income comparison reported by the respondents on a scale from 1 ("Not at all") to 10 ("Very much") for each reference group. Respondents compare their household incomes mostly with people their age, coworkers and colleagues, and family, friends and acquaintances. About half of the respondents report income comparison intensity 6 or higher in those reference groups. They compare themselves much less with geographically defined reference groups, such as people living on their street, people living in their town, or in the US or in the world. This in itself suggests that the construction of reference groups solely based on geography may severely underestimate comparison effects.
Figure 2. Household income comparison intensities
It is of interest to see if respondents choose the same reference groups for every domain. To investigate this we plot the percentage of the sample reporting comparison intensities 6 through 10 for each domain and reference group in Figure 3 . It turns out that the same groups that are important for income comparisons are also important for comparisons in the other domains. But there is some variation within this general pattern. Health is compared most to people of the same age, while satisfaction with one's job or daily activities is compared mainly with coworkers and colleagues as well as with family, friends, and acquaintances. Overall, when evaluating how many friends one has, the tendency to compare with reference groups is much lower than for the other domains. In general, the geographically defined categories are much less used for comparison than family, friends, coworkers and people of the same age, confirming the earlier observation that geographic definitions of reference groups may not be the most appropriate. 
Figure 3. High levels of comparison intensity by reference group and dimension
Next, we investigate how the intensity of income comparisons with different reference groups is affected by individual characteristics. Table 1 shows the results of such individual-level analysis, where we regress the extent to which individuals compare their income with the various possible reference groups on demographics. We observe an interesting pattern: higher income individuals are more likely than others to compare their income with family and friends, coworkers, and people their age. Men are more likely than women to compare their income with their coworkers, people in their town and people in the US. Individuals' ranking in the income distribution in the zip code (to be defined more precisely below) plays a role for the levels of comparison at the street and town level. For instance, controlling for the level of income, higher ranking individuals compare themselves less with people on their street or in their town. Overall, younger individuals compare their incomes with others more than older individuals. Married individuals compare somewhat more to people on their street than non-married individuals. This may be the result of married couples being more settled and hence more likely to interact with neighbors. Blacks and Hispanics are more likely than Whites to compare their income to people in their town, in the US and in the world. Blacks are less likely to compare to their family and friends. Hispanics are more likely than others to compare with coworkers. There is some indication of an education gradient in comparison intensity, whereby higher education leads to more comparisons with others. Employment status does not appear to have a strong effect on comparison intensity, with the exception of comparisons to coworkers and colleagues. Disabled individuals, retired, and unemployed compare significantly less than working individuals to their coworkers, which is intuitive. The retired in general seem to compare themselves less to others than the non-retired. 
Income Distribution in the Zip code
To characterize the income distribution in one's neighborhood or town, we use income information at the zip code level, based on the American Community Survey (ACS) 2011 five-year estimates. In particular, the Census releases data on income in 2011 inflationadjusted dollars at the family level. The data on income were derived from answers to Questions 47 and 48, which were asked of the population 15 years old and over. "Total income" is the sum of the amounts reported for wage or salary income; net selfemployment income; interest, dividends, net rental or royalty income or income from estates and trusts; Social Security or Railroad Retirement income; Supplemental Security Income (SSI); public assistance or welfare payments; retirement, survivor, or disability pensions; and all other income. Receipts from the following sources are not included as income: capital gains, money received from the sale of property (unless the recipient was engaged in the business of selling such property); the value of income "in kind" from food stamps, public housing subsidies, medical care, employer contributions for individuals, etc.; withdrawal of bank deposits; money borrowed; tax refunds; exchange of money between relatives living in the same household; gifts and lump-sum inheritances, insurance payments, and other types of lump sum receipts 6 .
The Census Bureau only releases mean, median, as well as the distribution of inhabitants in each zip code in 10 different income categories. In order to estimate an income distribution for a zip code, we use the following methodology.
Let the upper bound of the th i − family income bin in each zip code be denoted , 1,...9 i = (the 10-th bin has no upper bound). Denote the cumulative proportion of families in zip-code k with incomes less or equal to by . Let Y be an income drawn from zip code k .Then
Assuming that the distribution of incomes in a zip code is approximately log-normal with log-mean and log-standard deviation , we have
Where (.; 0;1) N is the standard normal cumulative distribution function. This implies
We can then estimate the parameters k µ and k σ for each zip code k by running a regression with nine observations of the form:
where ik ε is an error term, 1 ( ) After estimating the parameters (with sample mean 10.8) and (with sample mean 0.9), we can infer a respondent's ranking in the zip code distribution. For instance, if a respondent's income in zip code is equal to , his ranking will be equal to � ln − ; 0,1�.
Testing the Relative Income Hypothesis using Objective Information
We are interested in identifying whether subjective well-being might be based on relative income concerns. As we noted in the introduction, it is not a priori clear how to operationalize reference groups, nor is it a priori clear what form the influence of reference group incomes take. We will explore these aspects in a number of different ways. As dependent variables in our analyses we use both income satisfaction and selfreported happiness. The influence of reference group incomes is taken to be summarized by either log-median income in the reference group, or by one's ranking in the income distribution in the reference group, or by both simultaneously. For the operationalization of reference groups we consider various geographical definitions (either zip codes or PUMA regions), as well as a definition based on geography and age jointly. All of this uses objective income information as right hand side variables plus a large number of individual and neighborhood variables. Tables 2 and 3 display the results when using ordinary least squares to investigate the determinants of self-reported happiness and satisfaction with income. All specifications include controls for the respondent's gender, age, education, race, household size and work status, as well as neighborhood level characteristics including log median value of houses, log median rent, percentage of vacant housing, median number of rooms, percentage of residents living in a different house a year ago, percentage of non-US citizens, percentage without a High School degree, percentage with a Bachelor's degree or more, percentage speaking English only at home, unemployment rate, average household size, and percentage of households living in poverty. These variables represent a socio-economic and demographic profile of a neighborhood, and we assume they may be proxying for the provision of local public goods. Including these characteristics could thus allow us to control for some of the possible confounding effects of public goods in the relationship between log median income in a reference group and subjective wellbeing. Finally, all specifications include dummies for the comparison intensity reported by the respondent with respect to each specific reference group.
The first row of Tables 2 and 3 shows the results when explaining happiness and satisfaction with income by the log median income in the respondent's zip code, as well as his or her own income, and the above mentioned controls. The second row displays the results when adding the respondent's ranking in the zip code's income distribution.
In both these specifications, the effect of log median income in the zip code is positive and statistically significant when explaining satisfaction with income, but insignificant for happiness. For both happiness and satisfaction with income, the inclusion of ranking in the zip code renders own family income totally insignificant. Generally, we observe a much higher R 2 when using satisfaction with income as the left-hand side variable.
We next check the robustness of these results, first by addressing possible concerns related to the definition of income, and then by looking at additional indicators of public good provisions in the region.
A first robustness check addresses the definition of income across different surveys. Given that the ALP asked respondents about the total income of their household without more details, the measures of income between ALP and ACS may not match perfectly.
To investigate sensitivity to the income measures used, we use data from the Internal Revenue Service. The data contains incomes for every zip code for which 250 or more returns were filed for the year 2008 7 . We perform the same analysis as for the first two rows in Tables 2 and 3 , but restrict the sample to individuals who responded in 2009. Similar to the ACS, the IRS provides data on the proportion of inhabitants reporting incomes in categories. The income measure is Adjusted Gross Income (AGI) minus 21 possible deductions, including trade and business deductions, rents and royalties, retirement savings, alimonies, moving expenses, higher education or health savings deductions. There are seven such AGI categories.
The second robustness check revolves around the role of local public goods. The previous specifications include a set of socio-economic and demographic variables provided by the ACS at the neighborhood level, which may proxy for the supply of local public goods. We explore the role of local public goods in more depth by including two other variables. The first variable is the level of state and local taxes collected, which should be correlated with the resources available for local public goods. Data on the level of state and local taxes paid in the zip code is made available through the IRS dataset. Another marker of public goods is the local crime rate. We incorporate data from the SpotCrime database, containing data on 8 basic crimes and their locations, based on public websites data as well as public feeds 89 . Caution needs to be exercised in interpreting the coefficients, as not all zip-codes are covered and we do not have details on SpotCrime's exact data collection methods or on how the sample of cities was selected.
As noted, we limit the sample to respondents who answered the survey in 2009 in order to match the IRS reference period. We further restrict the sample to individuals living in areas covered by the SpotCrime database. Rows 3, 4, and 5 in Tables 2 and 3 show the specifications using this limited sample. The control variables are the same as in row 2.
Note that the specification and variable definitions in rows 3 are identical to those in rows 2; the only difference is in the sample selection. Comparing rows 3 with rows 2, shows that the signs of the coefficients are the same, but the sizes of coefficients vary substantially. This may be at least partly due to the smaller size of the restricted sample, leading to larger standard errors.
Rows 4 display the results when using the log median income based on the IRS with the same covariates, but with income rank and median income now based on the IRS dataset. The results are qualitatively similar to those in rows 3, although the positive coefficient of the household income rank is now insignificant when explaining happiness. The effect of log median income remains insignificant for happiness, but positive and significant for satisfaction with income.
The next specification uses the same IRS sample, now including the crime rate, measured by the number of thefts per 100 residents, as well as the level of local and state taxes paid in addition to the other controls. For the explanation of happiness the addition of taxes and crime rates has only a moderate effect (Table 2 , row 5), though the respondent's rank is now significant again. For the explanation of income satisfaction the log median income in the zip code is now barely significant (at the 10% level; Table 3 , row 5). This suggests that log-median income does indeed proxy for the availability of public goods. In the specifications in row 4 where public goods are not explicitly included, log-median income is highly significant, whereas the inclusion of some public goods indicators in row 5 reduces significance of the effect of long-median income.
Barrington- Leigh and Helliwell (2008) found that the sign of the effect of incomes in a surrounding geographical area may depend on how large that area is chosen to be. We perform the same estimations as in rows 1 and 2, but now employ a geographic unit identical to the one used by Luttmer (2005) , with Public Use Microdata Areas (PUMA) for the full sample. We estimate the income distribution in the PUMA following the same methodology as previously done at the zip code level. The results are presented in rows 6 and 7. We observe patterns similar to earlier analyses at the zip code level. Once again the effect of own income largely disappears when rank in the PUMA income distribution is added as an explanatory variable, although now own income remains marginally significant for satisfaction with income (with a negative sign: Table 3 , row 7). The log median income in the PUMA (which includes about 150,000 inhabitants on average) is not statistically significant in explaining happiness (table 1, rows 6 and 7), but is statistically significant in explaining satisfaction with income (table 2, rows 6 and 7). Thus in contrast to Barrington-Leigh and Helliwell (2008) we do not find an appreciable effect of the size of the geographic area that is taken as a reference group. Figure 2 that the income comparison intensity with neighbors is low compared to other groups, such as family, co-workers and others of the same age, the lack of relationship between subjective well-being -in particular, happiness -and neighbors' income should not be surprising. The fact that income comparison intensities were highest for family and friends as well as people in the same age category raises questions about the assumption of a purely geographic definition of reference income. Though our data do not contain objective information on the incomes of family and friends, we can use the data on income and age categories by zip code. Using the age groups defined by the ACS (under 25 years old, between 25 and 44, between 45 and 64, and over 65 years old), we define an individual's reference group by the age group and the zip code he or she lives in.
Given our finding in
We now find a significantly negative effect of the log median income in one's age-zip group, (Tables 2 and 3 , row 8). When including the age and zip code specific rank, the effect of log-median income becomes insignificant for the explanation of income satisfaction (Table 3 , row 9), but it remains significantly negative when explaining happiness (Table 2, row 9). As in all other specifications where it is included, the ranking in the income distribution has a significantly positive effect, with a much larger coefficient when explaining satisfaction with income than when explaining happiness.
Overall, we thus find log median income to be positively related to satisfaction with income but not with happiness, both at the zip code and PUMA level. These results are robust to different income definitions, and the inclusion of taxes paid and crime level in the neighborhood. We find a negative effect of log median income in one's age category, both for happiness and satisfaction with income. The effect of one's rank in the reference income distribution dominates the effect of own household income, and is positively correlated with both happiness and satisfaction with income for all definitions of reference groups we have considered. One slight exception is row 4 in Table 2 , where the effect of income rank, defined using IRS data, is insignificant.
Altogether these results appear consistent with the notion that median incomes in zipcodes or PUMA regions mainly proxy for the availability of public goods, whereas age groups serve as a frame of reference. One likes to live in an area with excellent public goods provision, but does not like to have an income that is below that of others of similar age. * significant at 10% level; ** significant at 5% level; *** significant at 1% level 1 : Area characteristics include log median value of houses, the log median rent, the percentage of vacant housing, the median number of rooms, the percentage of residents living in a different house a year ago, the percentage of non-US citizens, the percentage without a High School degree, the percentage with a Bachelor's degree or more, the percentage speaking English only at home, the unemployment rate, average household size, and the percentage of households living in poverty. 2: Crime rate represents the number of thefts per 100 residents. Taxes represent, the level of local and state taxes paid in the zip code.
Analysis using Subjective Ratings of Oneself and Others
One of the key innovative questions in our survey asked respondents to rate themselves as well as various others on a scale from 1 through 23 10 for each of the five domains (health, income, friends, family life and job or daily activities, see for instance the questions in Figures 1, 2 and 3 in the Appendix). Since we also have this information about reference group incomes and one's own position in the reference group, we now consider specifications using that information. There are good reasons for doing this. As we don't have a theory about how reference groups are formed, nor how reference group incomes are perceived, it seems natural to use respondents' own statements about how much they refer to these potential reference groups and what their perceptions are of incomes in these groups. Using ratings may allow us to measure directly the impact of respondents' perceptions of others and themselves, which ultimately might matter more when determining the psychological externality that neighbor's earnings might represent for one's own utility, as mentioned by Luttmer (2005) .
The data allow us to compare how individual ratings of own income and of income of other people correlate with the various objective quantities defined in the preceding sections. Table 4 shows the correlations by comparison intensity between own rating and the rank in the reference group for various reference group definitions. We show the correlation levels for own rating and the ranking of the respondent in his or her zip code (column 1); own rating and the ranking of the respondent in his or her PUMA (column 2); as well as own rating and the ranking in the age and zip code income with people the same age (column 3).
We then show the correlations between ratings given to each reference group and the log median income in that reference group (columns 4 through 6). Finally, we show the difference between ratings given to self and to others in the different reference groups (columns 9 through 11).
Four patterns can be identified in Table 4 . First, the correlations between own rating and estimated rank in the reference-group specific income distribution are much higher (ranging from 0.45 to 0.67 in columns 1 through 3) than the correlations between the ratings given to a reference group and its log median income (ranging from 0.1 to 0.42 in columns 4 through 6). Second, when the comparison intensity increases, the correlation between own rating and rank in the reference group tends to go down (the correlations between the numbers in columns 1 through 3 and the comparison intensities are approximately -.50). In other words, people who compare less intensely seem to have a somewhat more accurate idea of average incomes in the various reference groups than people who compare more. Third, on average, respondents rate their own income lower than that of the people living on their street, in their town, or in their age group (columns 7 through 9). Fourth, these differences increase in magnitude with the respondents' comparison intensity: the correlations between columns 7 through 9 and comparison intensity are respectively -.81, -.91 and -.73. Thus, the more one compares with others in geographic proximity, the more likely one is to believe that own income is below that of the neighbors. Table 5 shows the results of OLS regressions using rating of own income as the dependent variable. Throughout all specifications, the respondents' demographic and socio-economic characteristics have a statistically significant effect on the rating of their own income. In column 1, we observe the expected patterns: males, married respondents, higher educated and employed respondents all rate their income higher. When we control for actual household income (column 2), many of the patterns remain the same, although effects become smaller. There is one notable change in the pattern of coefficients across columns 1 and 2. The ethnic categories have a markedly different effect. Whereas in column 1, blacks and Hispanics had negative coefficients (albeit not significantly different from zero for Hispanics), in column 2, these coefficients are highly significant and positive. Thus, conditional on income, these groups tend to rate their incomes highly.
In columns 3 through 5, we include the comparison intensities and income rank of the respondents for each reference group. The addition of comparison intensities and ranking does not change the patterns of the coefficients of the other variables in any substantial way. The comparison intensities have highly significant effects on the ratings of own income. Essentially, higher comparison intensities are associated with higher ratings, though this effect seems much more limited for age-based comparisons: the rank correlations between the estimated dummy coefficients and the comparison intensities are .47 for "Street"; .42 for "Town"; and .29 for "Age". The fact that a higher comparison intensity is associated with a higher rating of own income, may point at some reverse causality in that individuals who believe they compare favorably to others may be more likely to compare with those others. As we will see below (and consistent with Table 4) this is not the case, since individuals who compare themselves a lot with others also estimate the incomes of others to be higher.
The coefficient of the rank in the reference group income distribution is always highly significant, while the log of own income is also positive and statistically significant across all specifications. The R 2 increases substantially when including own income (from 0.22 to 0.38), and slightly when including ranking and comparison intensities, to about 0.4. Table 6 shows the results of OLS regression using the rating given to the income of people in the three reference groups as the dependent variable. Columns 1, 3, and 5 display the results when including the log median income in each reference group, as well as the respondent's ranking in the reference group income distribution, and his or her demographic characteristics. That is, in column 1 the ranking is based on the income distribution in the zip code, while in column 3 it is based on the income distribution in the town, and in column 5 on the age and zip code specific distribution. Columns 2, 4, and 6 show the results when adding the comparison intensities specific to each reference group as well as the previously used area characteristics.
The R 2 -s in Table 6 are considerably lower than in Table 5 , possibly reflecting more uncertainty on the part of the respondents about the level of income of others in their street, their town, or in the same age group. Nevertheless, also here demographics and socio-economic status seem to play an important role. Once again, rank in the zip code is highly significant, except at the town level.
As one would expect, log-median income in the reference group has a very strong effect on the rating of the reference group's income. This remains true if we also add the comparison intensities and area characteristics, though the magnitude and statistical significance of log median income in the town-level reference group decreases (column 4). Area characteristics are jointly highly significant, although their individual effects appear to be modest (not shown here). Education level and the percentage speaking English in the zip code have a significant positive influence on the rating of incomes on one's street. The effects of the comparison intensities in Table 6 are stronger than in Table 5 . The rank correlations between the dummy coefficients and the comparison intensities are .62 for "Street; .81 for "Town"; and .89 for "Age". This has the effect that if one looks at the difference between own ratings and ratings of incomes on the street where one lives, these differences will be negative. Moreover, looking at pairwise comparisons of the coefficients by comparison intensity between Table 5 and Table 6 suggests that the difference between the two ratings will increase with the comparison intensity, consistent with Table 4 . 
Ratings and Subjective Well-being
After exploring the effects of "objective" variables such as log median income and characteristics of the zip code and own income on subjective well-being, as well as the determinants of ratings given to oneself and others, this section focuses on the relationship between those ratings and subjective well-being. Table 7 shows the results of specifications similar to those shown in Table 2 row 1, now using ratings instead of objective variables. The rating of others has a positive, barely statistically significant effect on happiness for those living on the same street (row 1) and is insignificant for those living in the same town (row 2). Own rating has a statistically significant and positive effect on happiness. The results of income comparisons at the street and town level are thus quite similar to the results when using objective data on median income in the zip code (Table 2 , row 1) and PUMA (Table 2,  row 6 ). Next, we use the same strategy, now turning to age-based reference groups. Row 3 displays the results when explaining happiness by the ratings of others in the same age category and by own income. As with the earlier specifications with objective variables, we now find a (marginally significant) negative effect of the ratings of others in the same age group on own happiness.
Given the above-mentioned evidence on the relationship between ratings given to others or oneself and "objective" variables, as well as between subjective well-being and "objective" variables, it is of interest to investigate whether the ratings reported by the respondents might be endogenous to subjective well-being. An example would be that optimistic people rate their own income and the income of others higher than pessimists, while also enjoying higher subjective well-being. To address this possibility we adopt an instrumental variable strategy (rows 4, 5 and 6).
We use the log of own income and the log median income in the reference group as instruments for the rating of one's own income and of others' incomes in that reference group. Row 4 shows that the rating given to own income and others' income is insignificant for happiness at the street/zip code. This contrasts with the results in row 1, where the street level rating was significant at the 10% level and own rating was significant at the 1% level. Row 5 shows that the rating given to others at the town level are insignificant for happiness, but that own rating is, similar to the findings in row 2, highly significant and positive. Finally, row 6 shows that the instrumental variables specification has a large effect on the estimated effect of rating of others in the same age group. The coefficient increases tenfold and is larger in absolute value than the effect of one's own rating. Table 8 shows the results of the previous specifications, now using satisfaction with income as the dependent variable. The effects of rating of others, whether at the street (row 1), town (row 2), or age (row 3) are now negative, whereas only the median earnings of members of the same age group and zip code were previously negatively related to satisfaction with income (Table 3 , row 8). Own rating whether instrumented or not has a positive effect, with a large coefficient, and is highly statistically significant (rows 4, 5 and 6). Once again, instrumenting ratings of others in the same age group increases (in absolute value) the estimated coefficient (it almost quadruples). In comparison with Tables 2 and 3, the R 2 -values in Tables 7 and 8 are substantially higher. This may have different causes: since in the specifications in Table 7 both sides of the equation include subjective variables, there may be correlated measurement error, which drives up the R 2 . It is also possible however that the zip code data are a poor approximation of incomes on one's street, while moreover respondents' perceptions of incomes on the street are probably imprecise.
Conclusion
In this paper, we use objective and subjective measures of own income and of others' income to evaluate the relative income hypothesis. The perhaps most obvious finding revolves around the differences between the two subjective well-being measures. Selfreported happiness and satisfaction with income show different patterns, in particular when looking at the role played by income and relative position. The lack of consensus in the literature on relative income effects on subjective well-being is not surprising if one considers the range of subjective well-being measures used, such as happiness yesterday (Deaton and Stone, 2013) , satisfaction with current income (Clark and Senik, 2012) , life satisfaction (Barrington-Leigh and Helliwell, 2008) , happiness these days (Luttmer, 2005) , or satisfaction with economic conditions (Clark et al., 2008) . While subjective well-being may always be at the core, it is crucial to distinguish between the particular indicators, and take into account the fact that the concepts they capture may vary and thus lead to differences in findings.
Reference groups vary by dimension of well-being, so that individuals are more likely to compare their income with their coworkers, family and friends or people their age than with people living on their street or in their town. Individuals are however much more likely to compare their health with people their age. While this finding may not be surprising, it leads us to conclude that studying the relative income hypothesis in terms of geographic reference groups is probably misleading. The only way to know who people refer to may be to ask them directly, as we have done in this paper.
The sensitivity of findings to the choice of reference group is borne out by our results. For instance, when using reference groups based on geographical proximity, whether at the zip code or PUMA level, log median income does not seem to matter for happiness, while it is positive for satisfaction with income. However, log median income in the respondent's age group has a negative effect on both happiness and satisfaction with income.
Individuals vary in their intensity of comparison with others. In particular, demographics, such as ethnicity, marital status, work status, or income, play a role in how much we look at others. If others' income enters one's subjective well-being function only if there is a certain degree of comparison, then it is important to take this factor into account.
Next, we gathered evidence on individuals' perception of their own and others' income, and studied their relationship to measures of own and others' income. We find the perceived gap between others' and own income to increase with the intensity of comparison, and the ratings to covary with demographics. We find little effect of others' income on own happiness, with one major exception: once we instrument the ratings of own income and the income of others in the same age group, the latter exerts a sizeable and statistically significant negative effect on happiness.
Satisfaction with income is negatively affected by the ratings of others living in the same street or in the same age category, although the effects are not statistically significant for the rating of others in the same town. The strongest pattern is the negative effect of others' income in the same age group, both objective and perceived, on happiness and satisfaction with income.
The two papers most closely related to the present study are Goerke and Pannenberg (2013) and de la Garza et al. (2010) . Like the former paper, we investigate the effect of comparison intensity with respect to different potential reference groups. They find that in particular colleagues at work, other people with the same occupation, and friends matter. Their sample is different from ours in that they only consider employees between 17 and 65. Nevertheless, our results largely overlap: we find that family, friends and acquaintances, coworkers and colleagues, and people of similar age matter most. The only difference obviously is that Goerke and Pannenberg (2013) find less evidence that age matters. Like we, they find that geographically defined reference groups are not important for comparison purposes.
Similarly to de la Garza et al. (2010) we find that perceived incomes (in their case perceived wages) appear more relevant for subjective well-being than actual incomes.
Thus, it appears that to make progress in investigating the relative income hypothesis one should not define reference groups a priori, nor should one only rely on objective measures. At the end of the day, what matters for subjective well-being are perceptions.
